Entomopathogens of Amazonian stick insects and locusts are members of the Beauveria species complex (Cordyceps sensu stricto)
INTRODUCTION
Entomopathogenic fungi of the genus Cordyceps sensu Kobayasi et Mains (Mains 1958 ) have a complex taxonomy in spite of being extensively studied since the 19th century. A recent phylogenetic classification based on molecular data separated the species into four genera (Cordyceps s. str., Elaphocordyceps, Metacordyceps and Ophiocordyceps) across three families, Cordycipitaceae, Clavicipitaceae and Ophiocordycipitaceae, with numerous species of undetermined phylogenetic affinity retained in a residual Cordyceps sensu lato (Sung et al. 2007b ). In the study of Sung et al. (2007b) the species of cordycipitoid fungi recorded on Orthoptera were classified in Cordycipitaceae for C. locustiphila Henn. and Ophiocordycipitaceae for Ophiocordyceps amazonica (Henn.) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora. Species such as C. uleana Henn. from Peru, C. lilacina Moreau from Congo and C. neogrillotalpae Kobayashi, C. stiphrodes Syd. and C. ctenocephala Syd. from New Guinea were not assigned to any family and retained in Cordyceps s.l. due to the lack of conclusive information.
Cordyceps locustiphila and C. uleana were described by Hennings (1904) from collections sent by Ernesto Ule from Perú . He described C. locustiphila as a species with gregarious or solitary, claviform and yellow stromata, but surprisingly no information regarding partspores was given, although this character is commonly used in Cordyceps taxonomy. The original illustration shows the fungus emerging from the abdomen and the coxa (the basal segment of the insect leg attached to the thorax) of an adult locust (Orthoptera: Acrididae). While C. locustiphila is frequently collected in the Amazon, there have been few taxonomic studies of this species (Evans 1982) . The type specimen of C. locustiphila was studied only by Petch, who made a revision of Cordyceps species parasitizing Orthoptera (Petch 1934) . He considered O. amazonica, collected in Brazil, and O. striphodes, collected in New Guinea, as synonyms of C. locustiphila because all have clavate stromata with a short stalk. Concerning the C. uleana type, Petch said ''C. uleana has clavae with a short stout stalk and a globose head with strongly projecting perithecia.'' Petch did not report any information about partspores or the host. In addition, Petch (1933) compared in detail the type of C. uleana, preserved in alcohol, with two specimens collected from stick insects (Phasmida) in Madagascar. He identified them as C. uleana due to their similarity in the globose stromata head and projecting perithecia. The partspores of the Madagascar material is 3-9 mm long (TABLE I) . Finally Moureau (1949) identified two specimens from Congo on Mantodea ootheca as C. uleana because they had yellow, globose stromata with an echinulate surface. He described the partspores as 5-10 mm long and filiform (TABLE I) .
As we have summarized above, there is no consensus on the taxonomy, phylogenetic position or ecological relationship of Cordyceps on Orthoptera and Phasmida, particularly for C. locustiphila and C. uleana sensu Hennings. Unfortunately, during the Second World War (WWII), Hennings's types deposited in Berlin were destroyed. The only original material supporting these species is a copy of an original illustration deposited in Kew Botanical Garden and the original paper (Hennings 1904) . Thus, it is necessary to define the position of these species based on morphological and molecular phylogenetic analyses of freshly collected specimens. We clarify species and type concepts of Amazonian Cordyceps s. str. on the superorder Orthopterida (Orthoptera and Phasmida; Grimaldi and Engel 2005) through the examination of morphological characters, host association, geographic distribution and phylogenetic analyses of molecular data obtained from specimens of C. locustiphila-like and C. uleanalike material from Colombia, Ecuador and Guyana,
MATERIALS AND METHODS
Field collections.-Most specimens in this study were collected in Colombia, Department of Amazonas, Municipality of La Chorrera, which is a Uitoto indigenous territory and Municipality of Leticia Town in El Zafire reserve (4u09210S, 69u539550W). Two kinds of forests were sampled: (i) ''chagra'' which is characterized by low canopy and mixed forest surrounded by the typical indigenous agriculture crops, and (ii) high, intact canopy forest with relatively low human disturbance that is limited to use by indigenous peoples for hunting and timber. Initial collections were made in Mar and then May-Jul 2010 and 2011, which typically is the rainy season in this region. Additional field trips were made to a lowland tropical forest of the interAndes valley at the municipal forest, Mariquita, Tolima Department, in Jan 2011, and the second at the El Amargal Biological Station Nuqui, Chocó Department, in Mar 2012. All areas are 20-200 m, average temperatures is 28 C, and relative humidity is 90%. Specimen collection at each site occurred over a 2 h interval and avoided human trails. Collecting involved careful examination of leaf litter, downed wood and elevated plant structures (e.g. leaves, twigs) to detect the emergence of stromata from insect cadavers. Additional data on forest characteristics, including habitat and live, unparasitized host specimens also were collected. Dried specimens were placed in plastic bags with silica gel and stored at the Antioquia University Herbarium (HUA).
Morphological observations.-Collected material as well as material provided by the National Herbarium of Colombia (COL), the National Herbarium of Ecuador (QCNE) and Dr M. Catherine Aime's personal collection (MCA) were rehydrated in sterilized water and stained with Congo red or lactophenol cotton blue. Perithecia, asci, ascospores and partspores were examined in a Leica Dm 1000 compound microscope and fluorescent Olympus B60 microscope. Methuen Handbook of Color (Kornerup and Wanscher 1984) was used for color descriptions of stromata.
DNA extraction, PCR and sequencing.-In the field small pieces of fresh tissue from stromata were placed in 50 mL CTAB extraction buffer (1.4 M NaCl; 100 mM Tris-HCl pH 8.0; 20 mM EDTA pH 8.0; 2% CTAB w/v), and DNA was extracted following the method in Kepler et al. (2011) . Five nuclear loci were amplified: small subunit ribosomal RNA (SSU) and large subunit ribosomal RNA (LSU), elongation factor-1a (TEF), and the largest and second largest subunits of RNA polymerase II (RPB1 and RPB2). Nuclear ribosomal internal transcribed spacer region (ITS) also was amplified and sequenced for all samples. PCR amplification was performed in 25 mL MasterAmp 23 PCR premix E (Epicenter, Madison, Wisconsin), 0.2 mM of each dNTP's, 0.5 mM amplification primers, 0.1-0.2 mg template DNA and 1.25 U Taq DNA polymerase (Fermentas, Glen Burnie, Maryland) . Amplification of SSU and LSU were performed respectively with NS1/NS4 (White et al. 1990 ) and LROR/ LR5 primers (Vilgalys and Sun 1994) . ITS was amplified with primers ITS1f and ITS4 (White et al. 1990 ). Amplification of TEF was performed with the primers 983F and 2218R (Rehner and Buckley 2005) . Amplification of RPB1 was performed with primers cRPB1-1aF and cRPB1-CaR (Castlebury et al. 2004) , and amplification of RPB2 was performed with primers fRPB2-5f2 and fRPB2-7cR (Liu et al. 1999) . The PCR reactions were performed in a thermocycler 1000 (BIORAD, Hercules, California) programmed as follows: 94 C for 3 min; 10 cycles of 94 C for 30 s, 55 C for 1 min, and 72 C for 2 min; 35 cycles of 94 C for 30 s, 50 C for 1 min, and 72 C for 2 min; one cycle of 72 C for 3 min and 4 C indefinitely (Kepler et al. 2011) . Sequencing was performed with the amplification primers at Macrogen (Seoul, South Korea) sequencing service. New DNA sequences of genes generated in this study were submitted to GenBank (TABLE II) . (Miller et al. 2010 ). Finally, each alignment was refined manually in BioEdit. Maximum likelihood (ML) analyses were performed with RAxML-VI-HPC 2.0 using a GTR-GAMMA model of evolution (Stamatakis 2006) with 1000 bootstrap replicates. All five genes were concatenated into a single dataset and 11 data partitions were defined: one each for SSU and LSU, plus nine for each of the three codon positions for the protein coding genes TEF, RPB1 and RPB2 (Kepler et al. 2012) . Bayesian Inference was performed with MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) and partitions were specified as in RAxML analyses. 10 000 000 MCMCMC generations were performed, using a sample frequency of 500 generations and a burn-in of 25% of the total run. Two runs using four chains each (one cold and three heated chains) were performed and each run was examined with Tracer 1.5 (Drummond and Rambaut 2007) to verify burnin parameters and convergence of individual chains. For the analysis of combined ITS and TEF we performed RAxML and Bayesian analyses with the same parameter mentioned before but with partitions per gene. For ITS the GTR + G + I model was used, while the HKY + G model was applied to TEF. Each of these models were obtained by using the findings of Rehner et al. (2011) and Kepler et al. (2012) and corroborated by model reconstruction with JModelTest 2.1.3 (Posada 2008) . Nodes were considered supported by bootstrap values greater than 70% and posterior probability equal to or greater than 0.95.
RESULTS
Fifty-eight sequences were obtained from the 12 specimens analyzed (TABLE II) . The concatenated alignment was 4770 bases long, with 1094 bases from the SSU, 926 bases from LSU, 1007 bases from TEF, 1049 bases from RPB2 and 690 bases from RPB1. The alignment is available from TreeBASE (S13829). Phylogenetic analyses resolved three families of entomopathogenic fungi, Cordycipitaceae, Ophiocordycipitaceae and Clavicipitaceae, with strong statistical support (bootstrap, MLBS 5 100, posterior probability, PP 5 1.00) in the ML and Bayesian analyses, respectively (FIG. 1, SUPPLEMENTARY FIG. 1) . The Orthoptera and Phasmida pathogens-hereafter, named the Orthopterida clade-are nested within the Beauveria clade (MLBS 5 67, PP 5 0.95) and comprise three clades with strong support (MLBS 5 100, PP 5 1.00). These three clades also are supported in the separate analysis of each of the individual five genes (SUPPLEMENTARY TABLE 1). The concordance of the five independent gene genealogies (Taylor et al. 1999 ) provides additional support for recognition of two different phylogenetic species that parasitize locusts and one that is a pathogen of stick insects (FIG. 1) .
To analyze the relationships and host affiliation of the Orthopterida clade further, phylogenetic analyses were conducted on the combined dataset of ITS (13 sequences of 586 bp) and TEF (11 sequences of 998 bp) with C. staphylinidicola as the outgroup, available from TreeBASE (S13829). C. locustiphila, C. diapheromeriphila sp. nov. and C. acridophila sp. nov. each received support that was consistent with the previous five-gene phylogenetic tree (MLBS 5 100, PP 5 1.00) (FIG. 4) . C. locustiphila was restricted to the genus Colpolopha (Romaleidae: Orthoptera) and C. diapheromeriphila was restricted to the Diapheromeridae family (Phasmida). C. acridophila had three subclades weakly to moderately supported (MLBS 5 45, 71, 80; PP 5 0.59, 0.67, 0.92 respectively) that do not correspond with a particular family of Acridomorpha (FIG. 2) . However, these three groups correspond to three geographic zones: (i) Napo area (Ecuador) close to the Andes foothills; (ii) western Amazon basin in Colombia, Perú and Brazil; and (iii) Amazon region of Guyana. Within each locality the hosts of the specimens collected belong to different families of Acridomorpha that normally are distributed throughout the Amazon region (FIG. 2) . Bayesian 50% majority rule consensus phylogenetic tree based on combined dataset of SSU rRNA, LSU rRNA, TEF, RPB1 and RPB2 of Cordyceps species that parasitize Orthopterida. Bayesian posterior probabilities and ML bootstrap support are given respectively at first and second position, above or below the branches. Bionectriaceae, Nectriaceae, Hypocreaceae, Clavicipitaceae, Ophiocordycipitaceae are collapsed for emphasis of Cordyipitaceae, but a fully expanded tree is available ( SUPPLEMENTARY FIG. 1). breaking into truncate partspores, 3-5(-8) 3 1 mm (n 5 50).
Host: On imago of Colpolopha cf. sinuata Stål (1873), Orthoptera: Romaleidae.
Known distribution: Colombia and Ecuador. Notes: The host of the lectotype is likely a species of Colpolopha because it has a thin and conspicuous prothoracic crest typical of this genus (FIG. 3a) . Colpolopha has wide distribution in the Amazon, with the center in the Amazonian foothills of Peru, Colombia and Ecuador but is also known from Costa Rica (Carbonell 2004) . The host of the epitype was identified as Co. sinuata Stål (determination by C. Carbonell), as well as another collection examined from Colombia (HUA 179217). The host species of the epitype has been reported only from lowlands in Colombia (Eades 2012) . The host of the Ecuadorian specimen (QCNE 186267 , FIG. 3C ) was identified as Co. latipennis Stål, which is distributed in Ecuador and Peru (Eades 2012). Specimen QCNE 186267 was collected in the Amazon foothills of Ecuador, the same region in which specimen C. Padilla (1423) also was collected.
Cordyceps acridophila T. Sanjuan et A.E. Molano-
Franco, sp. nov.
FIG. 3e-g MycoBank MB801975
Etymology: Referring to the host from superfamily group Acridomorpha.
Stromata capitate-stipitate, gregarious, or solitary, 7-27 mm long. Fertile part clavate, papillate when fresh and echinulate when dry, pale yellow (4A2/3), bright yellow, 6-12 3 (2.5-) 4-5 mm. Stipe fleshy, terete, cylindrical, grayish yellow (4B5), 5-14 3 2-3 mm. Perithecia immersed when young and semiimmersed when mature, perpendicular in orientation. Ostioles pale yellow (4A/B5), ovoid to ellipsoid, 450-730 3 200-440 mm (n 5 20), wall 50-100 mm wide. Asci hyaline, cylindrical 260-450 3 3-4 mm, apical apparatus 2.4-3 3 3-4 mm (n 5 40). Ascospores parallel, smooth, filiform, hyaline, breaking regularly into truncate part spores, (3-)4-7(-10) 3 1 mm (n 5 50). Notes: Insect species in six acridid genera, all belonging to families of the superfamily Acridomorpha with centers of distribution in the Amazon, so far have been identified as hosts of C. acridophila (Carbonell 2004 ).
Cordyceps diapheromeriphila T. Sanjuan et S. Restrepo, sp. nov.
FIG. 4a-f MycoBank MB801976
Etymology: Referring to its affinity with the host family Diapheromeridae.
Stromata gregarious, capitate-stipitate, simple, (3-) 7-16 mm high. Fertile head globose, echinulate from protruding ostioles, light yellow (4A4), 2-4 mm diam. Stipe fleshly, terete, light yellow (4A5), 4-12 3 2 mm. Perithecia semi-immersed, aggregated, ovoid to ellipsoid 320-600 3 280-350 mm. Asci cylindrical, 200-400 3 3.5-4 mm (n 5 10), apical apparatus 4-5 mm. Ascospores parallel within asci, filiform, hyaline, breaking into 30 to 40 truncate part spores, (6-)8-12 3 0.8-1 mm (n 5 40). Conidia hyaline, cylindric to ellipsoid, 5-6 3 1.5-3 mm (n 5 20).
Host: Adult of Diapheromeridae, Phasmida. Known distribution: Amazonian region of Ecuador and Guyana. Notes: Because the original reports of C. uleana are from locust, we propose this new taxon for material collected from Phasmida, family Diapheromeridae. All specimens have globose, pale yellow stromata and aggregated perithecia that are similar in appearance to C. uleana as depicted in the original publication. The measurements of the part spores as well as the order of the host, however, are inconsistent with the original description (TABLE I). It is possible that the original description differs due to the conservation of the specimen (in alcohol), but we have no means of verification because the type material no longer exists to support Hennings' description.
DISCUSSION
Distribution and typification of C. locustiphila.-Phylogenetic analyses presented here support the recognition of three species of Cordyceps that parasitize species of Orthopterida in the Neotropics: C. locustiphila, epitypified above and the two new proposed species, C. acridomorpha and C. diapheromeriphila. Collectively these species are referred here as the ''Orthopterida clade''. The continued use of the name C. locustiphila is adopted because the original illustration in Hennings (1904) is diagnostic both regarding the fungus and the host specimen (FIG. 3a) . According to Carbonell (pers comm) the host illustrated is Colopolopha (Romaleidae: Acridomorpha: Orthoptera), the same genus identified as the host for specimens examined herein. In contrast, there is a difference in the size of the perithecia and asci of the examined material compared to the protolog of C. locustiphila. This could be explained by the preservation procedure of the original material, which was stored in alcohol, and might have resulted in dehydration of the cells. Also, Hennings (1904) did not mention part spores, perhaps because the material was immature, which is consistent with his description of the immersed position of perithecia in his specimen. The description of C. locustiphila is also very similar to that of C. neogryllotalpae from New Guinea (Kobayasi and Shimizu 1976) (TABLE I) . The measurements and shape of C. neogryllotalpae are consistent with the description of C. locustiphila species, but host families differ between the two taxa; C. neogryllotalpae infects Gryllotalpa, a grasshopper with Austral-Asiatic distribution, whereas C. locustiphila parasitizes Colpolopha, a locustid with Neotropical distribution (Eades 2012) . It remains important to make new collections of C. neogryllotalpae to confirm its taxonomic and phylogenetic status and its relationship to C. locustiphila, which is suggested by their morphology similarity.
Host range of orthopteroid species of Cordyceps.-The morphology of claviform, light yellow pigmentation, papillate and fleshy stromata; semi-immersed, ovoid perithecia; cylindrical asci with filiform ascospores that disarticulate into truncate part spores is not unique to C. locustiphila. Phylogenetic analyses resolve the cryptic species C. acridophila among specimens that are morphologically consistent with older descriptions of C. locustiphila. These two species share similar morphology (TABLE I) but differ in their host affiliation. While most species of entomopathogenic fungi have been recorded from a limited host range, definitive assessments of the specificity of host affiliation have been documented for only a few species. Examples include that of the Ophiocordyceps unilateralis species complex (Ophiocordycipitaceae), which infect ants primarily in the genus Camponotus (Sanjuan et al. 2001 , Mongkolsamrit et al. 2011 , and O. kniphofioides var. kniphofioides, which is a pathogen of the ant species Cephalotes atratus (Evans and Samson 1984, Sanjuan et al. 2001 ). If we define host specificity as the extent to which a parasite is restricted to the number of host species used at a given stage in the life cycle (Poulin 2007) , this work demonstrates differing levels of host specificity between phylogenetic species of Cordycipitaceae that are pathogens of Orthoptera.
Cordyceps locustiphila is apparently limited to the genus Colpolopha of the family Romaleidae, a common Amazonian family of locust (Amegdanato and Descamps 1982) . Colpolopha inhabits lowland, tropical rainforest in the arboreal stratum with five species reported from the Neotropics (Eades et al. 2012) . The host of the epitype is C. sinuata, which is recorded to date only from Colombia, while C. laetipennis is the host of the paratype, and is more broadly distributed from Colombia to Peru (FIG. 2) . Since Hennings original description of C. locustiphila, most of the records have originated from western Amazon (Hennings 1904 , Petch 1933 , Evans 1982 , the center of the distribution of Romaleidae (Amegdanato and Descamps 1982) .
By contrast, hosts of C. acridophila include species in at least six families of the superfamily Acridomorpha (TABLE I) . Based on the phylogenetic tree inferred from combined dataset of ITS and TEF, the fungus does not segregate by Acridomorpha families (FIG. 2) . Instead collections are grouped in a manner consistent with the three biogeographical areas reported by Amedegnato and Descamps (1982) , who studied the dispersal centers of Acridids in the Amazon (FIG. 2) . Region 1 is located in the Napo (circle) and is a biogeographic zone in Ecuador and Colombia known for its endemic assemblages of birds, insect and plants. It is hypothesized that its high endemism could be the product of ancient age and proximity to the Andean foothills (Morrone 2000) . Region 2, located in Western Amazon, which is defined as west of the Madeira River in Brazil, east of the Andes and south of the Guyana Shield, is an area significantly influenced by the Amazon floodplain (Amedegnato and Descamps 1982) . Finally, region 3 is the Guyana Shield, which dates to the Cretaceous and is considered the most ancient terrestrial landscape of South America (Morrone 2000) . These three biogeographic regions also are consistent with the Neotropical areas of distribution of Amazonian biota proposed by Cracraft (1985) and corroborated by the distributions of primates (Da Silva and Oren 1996) and the woodcreeper Glyphyorynchus spirurus (Marks et al. 2002) . Although additional sampling is necessary, C. acridophila might provide a taxonomic example from fungi that correlates with biogeographic patterns seen in other taxa.
C. diapheromeriphila is supported as sister to the C. locustiphila/C. acridophila clade (MLBS 5 99/100; PP 5 1.00; FIGS. 1, 2) and represents a host shift among more distantly related orthopterida taxa that occupy a common forest habitat. The morphology of C. diapheromeriphila is similar to that of C. locustiphila s.l., and the name C. uleana, also a pathogen of locust, was applied to collections on Phasmida by Petch based on morphological similarities (e.g. yellow, papillate stromata), which are likely symplesiomorphies of the Orthopterida clade of Cordyceps s. str. Moureau (1949) also described specimens of C. uleana with the same morphology, but the host remains were identified as oothecae of Mantodea (TABLE I) . If host affiliation is diagnostic of species boundaries, as supported by the phylogenetic analyses presented here (FIGS. 1, 2), then Moureau's description may be based on a misidentified host. The ootheca of Phasmida, Orthoptera and Mantodea are very similar in morphology and in many cases are accurately identified only by molecular techniques (Hunter 2002) . Thus, we suggest here that Moureau's specimen may represent the C. diapheromeriphila lineage, in agreement with the pantropical distribution of the family Diapheromeridae (Grimaldi and Engel 2005) . Based on our sampling and the morphological similarities of our specimens with those reported in the literature, the host range of C. diapheromeriphila is probably limited to the order Phasmida and more accurately to stick insects belonging to Diapheromeridae. This group includes the largest known species of stick insects, Diapherodes gigantea Gmélin, which as in the case of the host of the type specimen of C. diapheromeriphila, was 20 cm long.
Host affiliations in Orthopterida's clade and the host habitat/host relatedness hypotheses.-Phylogenetic analyses support the recognition of three species, C. locustiphila, C. acridophila and C. diapheromeriphila, that share a most recent common ancestor within the Beauveria clade of Cordyceps. This phylogeny poses interesting questions with respect to the phylogenetic distribution of their hosts and possible patterns of host switching. The majority of Beauveria and Cordyceps s.s. are pathogens of Coleoptera and Lepidoptera in soil and leaf litter. Thus, the host affiliations of Orthoptera and Phasmida are likely derived host character states. Of note, all three Cordyceps species of the Orthopterida clade attack hosts in arboreal habitats and are consistent with different elements of both the ''host habitat hypothesis'' and the ''host relatedness hypothesis'' (Brooks and McLennan 1991) , which have been demonstrated in other cordycipitoid fungi. Nikoh and Fukatsu (2000) showed that closely related species of Elaphocordyceps attack subterranean hosts from two kingdoms: Cicadae (Insecta, Animalia) and Elaphomyces (Ascomycota, Fungi). This was further argued likely to be the result of a single shift to Elaphomyces followed by phylogenetic diversification of the pathogens of Elaphomyces (host relatedness) with independent shifts onto subterranean stages of insects (host habitat) (Spatafora et al. 2007 , Sung et al. 2007b .
As in Elaphocordyceps, these two mechanisms appear to play a role in diversification of the three species of the Orthopterida clade. The host habitat hypothesis explains how the common ancestors shift among more distantly related taxa (e.g. Orthoptera vs. Phasmida) that occupy a common arboreal habitat. The host relatedness hypothesis is consistent with diversification of C. locustiphila and C. acridophila among the more closely related taxa of the Acridomorpha. The presence of cryptic phylogenetic species with different host ranges also is illustrative of the challenges of characterizing host ranges of cordycipitoid fungi and cautions against broad extrapolation of host ranges among closely related taxa. While C. locustiphila and C. acridophila are closely related and both parasitize Orthoptera, phylogeny and host affiliations suggest that the former is more specialized and the latter a generalist, albeit occupying a common habitat. These differential host ranges, combined with the apparent specificity of C. diapheromeriphila to Phasmida, provide additional evidence for host specificity being a potential isolation mechanism in speciation of cordycipitoid fungi.
Yellow, claviform stroma is a synapomorphy of the Beauveria clade.-The entomopathogens of Orthopterida sampled here are supported as members of the Beauveria clade of Cordyceps s. str. (FIG. 1) . Beauveria is linked to species of Cordyceps with yellow stromata as C. staphylinidicola and C. scarabaeicola (Rehner 2001) , and teleomorph-anamorph connections have been established for Cordyceps bassiana-B. bassiana (Li et al. 2001) . In this study this connection is demonstrated for C. scarabaeicola-B. sungii and C. staphylinidicola-B. bassiana (FIG.1) . The results presented here provide additional evidence that the yellow pigmentation and claviform stromata of these species are morphological synapomorphies for teleomorphs of the clade, and we extend this concept to species of C. locustiphila, C. acridophila and C. diapheromeriphila. Numerous species of Beauveria have been described from South America including B. amorpha, B. velata and B. vermiconia (Samson and Evans 1982) . Because Beauveria has been demonstrated to be monophyletic (Rehner and Buckley 2005) and because the orthopterida species of Cordyceps are nested within the Beauveria clade, we predict that future preparation of cultures from freshly collected material, which was not possible as part of this work, will reveal Beauveria or Beauveria-like anamorphs for the three orthopterida species of Cordyceps. The species of Cordyceps within the Beauveria clade are known mostly from Asia and collectively possess a wide host range that includes Coleoptera and Lepidoptera in (TABLE I) . Here we extend the collective host range of beauverioid Cordyceps species to include Orthoptera and Phasmida. Further examination and determination of teleomorph-anamorphs links from additional Neotropical species in this clade are important to fully understand the phylogenetic and ecological diversity of the clade with respect to host range and specificity and the role that host switching, habitat preference and biogeography play in speciation and phylogenetic diversification of this clade.
